Over the last few decades, some evidence has been collected for the hypothesis that the local and global levels of hierarchically structured visual stimuli (for examples, see Figure 1 ) are more efficiently processed within the left and right cerebral hemispheres (LH and RH), respectively. Corresponding effects have been examined in lesion (e.g., Delis, Robertson, & Efron, 1986; ), electrophysiological (e.g., Evans, Shedden, Hevenor, & Hahn, 2000 Malinowski, Hübner, Keil, & Gruber, 2002; Volberg & Hübner, 2004) , response time (e.g., Hübner, 1997; Martin, 1979; Van Kleeck, 1989) , and imaging (e.g., Fink et al., 1996; Heinze, Hinrichs, Scholz, Burchert, & Mangun, 1998) studies. In response time studies, for instance, hierarchical stimuli are projected to the LH or RH by presenting them in the right or left visual field (RVF/LVF), respectively. A speeded response is then required to one level or the other. If the proposed hemispheric differences are valid, level-specific visual field effects (VFEs) would be expected, and indeed, such effects have been observed in several studies (e.g., Hübner, 1997; Martin, 1979) .
. Examples of the hierarchical letters used as stimuli in the present study.
for stimuli whose letter at the nontarget level activated a response different from the one at the target level, rather than the same response.
But how can a response conflict affect perceptual hemispheric differences? To provide an account of this phenomenon, Hübner and his coworkers Hübner & Volberg, 2005) proposed the integration theory of global/local processing, which states that hemispheric asymmetries depend on the stimulus representation involved in response selection. According to this theory, it is assumed that there are at least two types of representation. At an early stage of processing, letters are represented without reference to the level at which they appeared. Obviously, if both letters of a hierarchical stimulus activate the same response, as is the case for congruent stimuli, such an early representation is sufficient for selecting the correct response. However, if the two letters activate different responses, a response conflict occurs, which can only be resolved by binding the letters to their level (i.e., by constructing an elaborated representation in which each letter is linked to its level). A crucial assumption of the integration theory is that the two hemispheres do not differ in their capacity for letter identification-that is, with respect to the early stimulus representation-but only with respect to their integration capacity. That is, the RH and LH specialize in binding global and local information, respectively, to the levels in the stimulus. Taken together, these assumptions explain why VFEs occur more reliably for incongruent than for congruent stimuli.
However, there are also conditions in which VFEs occur even though, at first sight, response conflicts seem not to be involved. Such a case is the divided-attention task, in which subjects are instructed to identify which one of two target forms is present in the stimulus, irrespective of the level at which it occurs. The letter at the other level is an irrelevant distractor form that is not mapped to any response. If one considers the corresponding results, it is evident that VFEs occur more reliably under these conditions than under selective attention. For instance, VFEs have been present in almost all response time experiments that required a stimulus identification under divided attention (Brown & Kosslyn, 1995; Yovel et al., 2001, Experiment 1C) .
The divided-attention task has also been successfully applied in imaging studies. For example, Fink et al. (1996) conducted two experiments, in which either selective attention (Experiment 1) or divided attention (Experiment 2) was required. Hemispheric asymmetries occurred in the latter condition only. Similar results were found in an ERP study by Heinze et al. (1998) . Whereas under divided attention, local and global processing enlarged the N2 (negativity at 260-360 msec) amplitude over the left and right hemispheres, respectively, there was no difference between these types of processing under selective attention. Even in lesion studies, VFEs have occurred in divided-attention studies yet been absent under selective attention (Polster & Rapcsak, 1994) , or alternatively, VFEs could be found only under certain conditions (Doricchi & Incoccia, 1998 ). Thus, the task seems to play an important role in the manifestation of hemispheric differences.
These results raise the question of why VFEs show up more often under divided than under selective attention. Two studies have addressed this question explicitly. One was a response time study by Yovel et al. (2001) , the other an ERP study by Heinze et al. (1998) . Yovel et al. concluded from their results that under selective attention, both hemispheres attend to the prespecified level, which minimizes the performance differences between the hemispheres. In contrast, in a divided-attention task, each hemisphere attends to its "preferred" level at the beginning of a trial, because the level at which the target will appear remains unknown until stimulus presentation. Consequently, if the stimulus is projected to one hemisphere and the target appears at its nonpreferred level, attention has to be redirected, which delays processing. This explains why VFEs are enhanced under divided attention in comparison with selective attention.
Alternatively, Heinze et al. (1998) assumed that in the selective-attention task subjects focus an attentional zoom lens (Eriksen & St. James, 1986 ) on the prespecified level, which allows them to process only the relevant range of spatial frequencies. In contrast, when attention has to be divided between levels, subjects cannot select a specific spatial frequency range in advance and, therefore, must process the complete range contained in the stimulus. Under the further assumption that the LH and the RH specialize in the processing of relatively high and low spatial frequencies, respectively (Ivry & Robertson, 1998) , processing would be distributed between hemispheres only under divided attention, which accounts for the hemispheric differences.
Although the two proposed mechanisms (Heinze et al., 1998; Yovel et al., 2001) can explain why hemispheric differences are more pronounced under divided than under selective attention, these mechanisms are rather specific and, therefore, have difficulties accounting for the effects of other important factors. In particular, they cannot explain why response conflict supports the appearance of VFEs in selective-attention tasks Hübner & Volberg, 2005; Van Kleeck, 1989; Volberg & Hübner, 2004 , 2006 . Therefore, it would be desirable to have a more general theory. Fortunately, such a theory is already available, in the integration theory of global and local processing (Hübner & Volberg, 2005) . In the present study, we show that this theory can explain not only why response conflicts modulate VFEs, but also why VFEs occur more reliably under divided attention.
If, as assumed by the integration theory, the hemispheres differ only in their capacity for binding the levels with their contents, it then follows that such a binding must always have taken place under divided attention. However, why should subjects always use an integrated representation of the letters and levels, even though the level of the target is obviously irrelevant for the response? A possible reason could be that the distractors, although completely irrelevant, nevertheless activate the alternative response to such an extent that response selection cannot be based on a pure letter representation. Such a response activation is not implausible, since distractors are often rather similar to the potential targets. Indeed, similarity relations between distractors and targets have even been used to define congruency relations for the divided-attention task. , for instance, used H and S as target letters, which were combined with the distractors A and E. If all letters are constructed only of horizontal and vertical lines (see Figure 2) , and if similarity is defined by the overlap of segments, then the distractor A is more similar to the target H than to the target S, whereas the distractor E is more similar to S than to H. Thus, the distractors A and E should activate the responses associated with the targets H and S, respectively. As a consequence, if the target H is combined with the distractor E, or the target S with the distractor A, there should be a response conflict. Therefore, these combinations were considered incongruent, whereas the remaining combinations were considered congruent. Indeed, congruency defined in this way produced the expected effects (see, e.g., Heinze et al., 1998; .
From the viewpoint of the integration theory, the fact that VFEs have reliably been observed in divided-attention tasks, irrespective of congruency relations, suggests that supposedly congruent stimuli are actually incongruent. This assumption is also not implausible. For instance, if we examine a hierarchical stimulus with the target letter H and distractor A, which would be considered congruent (see, e.g., , it is obvious that A shares visual features not only with the actual target H, but also with the alternate target S, even if to a smaller extent (see Figure 2) . However, even a small feature overlap might activate the alternative response to a substantial extent.
If both responses are activated, the subject cannot be sure which target letter is actually present in the current stimulus. How can this problem be solved? We supposed that subjects would proceed in the same way as in the case of a response conflict under selective attention, by basing their response on a more complete stimulus representation. Although in a divided-attention task it would, in principle, be sufficient merely to improve the representation of the identity of the target letter in the current stimulus, it is likely that during this process the level is also bound to the identity. Because the hemispheres differ in this binding process, this could explain why VFEs show up more reliably under divided attention. Whether these processes take place for incongruent as well as for congruent stimuli was a question we tested in our first experiment.
ExpERimEnt 1
In this experiment, a divided-attention task was used and congruency was varied by the degree of similarity between target and distractor. However, in addition to the usual congruent and incongruent distractors, there was also a "neutral" letter O, which we hoped would be more dissimilar to the targets than their respective congruent distractors. If we simply count the number of overlapping elements, O does not differ more from the targets than the other distractors. However, we assumed that similarity is determined not only by the number of overlapping segments, but also by other, more qualitative features. For instance, it was thought that the missing central bar and closed form were characteristic features of the letter O, so that it could easily be differentiated from the other letters. Consequently, the O should activate the target representations to a lesser extent than do the other distractors.
Our aim was to demonstrate that the usual "congruent" distractors also produce some response conflict relative to the neutral distractor. Furthermore, if this is the case, then according to the integration theory, VFEs should arise for the congruent stimuli, as would be usual in divided-attention tasks. However, for neutral stimuli, VFEs should be absent, or at least smaller than those for congruent stimuli.
Exactly what data pattern do we expect if the proposed hemispheric differences are present? For responses to targets at the global level, the mean response time for RVF stimuli, RT G (RVF), should be longer than the mean response time for LVF stimuli, RT G (LVF). In other words, the visual field effect for the global level, defined by VFE G 5 [RT G (RVF)  RT G (LVF)], should be greater than zero. In contrast, for responses to targets at the local level, the op-
. 0. Because a main effect of VF can occur for various reasons, it is important that the contrasting levelspecific VFEs be analyzed together. This is usually done by means of an ANOVA. If both level-specific VFEs are in the expected direction, the analysis should reveal a significant interaction between the target level and VF.
However, an ANOVA is not a very efficient means of testing the predicted specific pattern of VFEs, because it tests for all possible types of interaction between target level and VF. Therefore, one gains statistical power by directly testing the proposed specific interaction between target level and VF by means of a one-sided t test, as has been done, for instance, by Yovel et al. (2001) . This is equivalent to the test of whether the combined VFE is significant-that is, whether VFE G 1 VFE L . 0. Given a significant combined VFE, we could also test the individual VFEs, so that three outcomes would be possible: Both, one, or none of the VFEs could be significant. To differentiate between these results, we will denote the case in which both level-specific VFEs are significant as a strong combined VFE, and the other two cases as weak combined VFEs.
In the present study, we used these specific tests, in addition to an overall ANOVA, to analyze response times and error rates in the three congruency conditions. It was predicted that congruent and incongruent stimuli would produce significant VFEs. With respect to neutral stimuli, the question was open whether they would also produce VFEs, but the result should depend on the induced response conflict. That is, if they produce a small or no response conflict (i.e., if the corresponding response time is substantially faster than that for congruent stimuli), then VFEs with the neutral stimulus should be absent or at least significantly smaller than those with the congruent stimuli. method Subjects. Sixteen students of the Universität Konstanz participated in the experiment (8 female, 8 male; mean age, 23.4 years). They received either course credit or a fee of €5/h. All subjects were righthanded by self-report and had normal or corrected-to-normal vision.
Apparatus. The stimuli were shown on a 21-in. color monitor with a vertical refresh rate of 75 Hz at a resolution of 1,280  1,024 pixels. A two-button mouse served as the response device. Stimulus presentation and response registration were controlled by the same personal computer.
Stimuli. The stimuli were hierarchical letters, which were constructed from local letters in a 5  5 grid (see Figure 1) . The letters H and S served as targets. They were combined with the letter A, E, or O, resulting in 12 different compound stimuli. If we denote the hierarchical stimuli by letter pairs such as HA, with the first letter in a pair denoting the global letter and the second the local letter, then HA, SE, AH, and ES were considered as congruent; HE, SA, EH, and AS as incongruent; and HO, SO, OH, and OS as neutral. The size of the local letters was 0.6º horizontally and 0.7º vertically, whereas that of the global letter was 3.3º  4.5º of visual angle. The letter elements of the stimulus were drawn as white outlines on a black background, with the inner edge of the stimulus aligned with the screen midline. Accordingly, the eccentricity was 1.65º of visual angle, measured from fixation to the midpoint of the stimulus. In the vertical dimension, the stimuli were centered.
procedure. The subjects were seated in front of a monitor at a viewing distance of 110 cm. A chinrest prevented head movements during the experiment. Each trial began with a 300-msec presentation of a fixation cross in the center of the screen. After a blank screen of 300 msec, a hierarchical letter was presented to the LVF or to the RVF for 93 msec. The task was to indicate as quickly and accurately as possible which of the predefined target letters (H or S) was present in the stimulus. The subjects responded with the index or middle finger of the same hand. Half of the subjects pressed a left key for the letter H and a right key for the letter S, and the other half had the opposite letter-to-key assignments. In addition, the response hand (left or right) was balanced across subjects. Wrong responses were signaled by a tone. After each response, there was an interval of 1,000 msec before the next trial started.
Three factors were varied: target level (global or local), VF (LVF or RVF), and congruency (congruent, incongruent, or neutral). All factors were randomized. The subjects performed 12 blocks of 64 trials each. Accordingly, each condition was covered by 96 observations per subject.
Results
Both the response times for trials with correct responses and the error rates were first subjected to a three-factorial ANOVA with repeated measures on the involved factors. All significant results are reported. Furthermore, the data were also analyzed by planned individual tests for the expected VFEs.
Response times. The analysis revealed a main effect for congruency [F(2,30) . This interaction was due to the fact that the congruency effect (i.e., the response time difference between congruent and incongruent stimuli) was much larger for local targets than for global ones (48 vs. 4 msec). On the other hand, the difference between neutral and incongruent stimuli was similar for the two levels (49 vs. 48 msec).
There was also a reliable two-way interaction between target level and VF [F(1,15) Error rates. The ANOVA on the arcsine-transformed error rates revealed a main effect for the factor target level [F(1,15) 5 7.78, p , .05]. This effect shows that subjects produced fewer errors in the global (2.10%) than in the local (3.03%) condition. Also the main effect of congruency was reliable [F(2,30) 5 12.7, p , .001]. Responses to congruent (1.92%) and neutral (2.07%) stimuli were less erroneous than those to incongruent stimuli (3.71%). No VFEs were significant, which shows that there was no speed-accuracy trade-off with these effects.
Discussion
In this experiment, we investigated why VFEs occur more reliably in divided-attention than in selectiveattention tasks, irrespective of the congruency of the stimuli. We hypothesized that this occurs because of the relatively large degree of similarity between the targets and distractors in the former task. More specifically, we hypothesized that stimuli that are typically considered to be congruent also produce some response conflict, and that this conflict in turn leads to VFEs (Hübner & Volberg, 2005) . Therefore, we also included stimuli with neutral distractors, which were thought to be even less similar to the targets than the "congruent" distractors.
As have other researchers (e.g., Lamb, Robertson, & Knight, 1989) , we found the usual congruency effects (i.e., congruent distractors led to faster responses than incongruent ones). However, the fastest responses occurred for the neutral distractor. This demonstrates that even congruent distractors produced some amount of response conflict, so the term congruent can only be understood in a relative sense under these conditions. In any case, the congruency effects for the different stimulus types were as expected.
The crucial question was whether the different congruency conditions modulated the VFEs in the expected way. Indeed, as predicted by the integration theory, a strong combined VFE occurred only for stimuli that produced a substantial response conflict, as was the case for congruent and incongruent stimuli. In contrast, neutral stimuli merely produced a weak combined VFE (see Figure 3) . Moreover, this VFE was significantly smaller than that for congruent stimuli. Although this data pattern holds only for the response times, the error rates do not indicate any speed-accuracy trade-off.
Thus, taken together, the results of the present experiment confirm the predictions derived from the integration theory of global/local processing. It seems that the similarity between target and distractor for incongruent as well as for congruent stimuli made it difficult to select the correct response using letter information alone. Even the congruent distractor activated the opposite response to a substantial degree. Consequently, in order to solve this ambiguity, the subjects had to construct a more elaborated target representation, which automatically also encompassed level information. Because we assume that the hemispheres differ in their capacity for binding the letters to their levels, this more elaborate representation explains why strong VFEs occurred in these conditions. Neutral distractors, on the other hand, activated the alternative response to a relatively small degree. Therefore, with those distractors, response selection could often occur directly, through letter information alone.
Obviously, the alternative accounts proposed by Heinze et al. (1998) and Yovel et al. (2001) cannot explain the present data. According to their view, hemispheric asymmetries should generally be strong in divided-attention conditions and not depend on response conflicts.
ExpERimEnt 2
The results of our first experiment show that VFEs occur in divided-attention tasks for the same reason that they occur for incongruent stimuli in selective-attention tasks. Thus, the underlying mechanisms do not differ qualitatively between the two tasks. However, it can be assumed that the tasks do differ with respect to the use of early filter mechanisms that allow the subjects to select the response by letter information alone (see Hübner & Volberg, 2005) . Clearly, if the target level is known in advance, as in the selective-attention task, subjects can focus their attention on that level and suppress irrelevant information from the other level. If filtering were perfect, there would be no need to integrate the letter and level information.
Usually, however, early filtering is imperfect, so that information from the irrelevant level may affect the response selection process. The efficiency of the filtering process depends on various factors. For instance, it has been shown that, if the target level is randomized across trials in a selective-attention task, the efficiency is reduced (Hübner, 1997; ). An extreme situation in this respect seems to occur when attention has to be divided between levels. In this case, no early filtering is possible, and even weak conflicting signals make it necessary to rely on elaborated target representations. This is the reason why an irrelevant letter, even if its similarity to the alternative target is relatively small, is sufficient to produce VFEs.
It follows from these considerations that, if congruency is defined in the same way as under divided attention, the VFEs should generally be reduced, if not absent, under selective attention. This hypothesis was tested in the next experiment, in which a selective-attention task was used. We expected congruency effects to occur, if at all, only for incongruent stimuli. Accordingly, VFEs should occur only in this condition. 
method
Sixteen right-handed students of the Universität Konstanz participated in the experiment (8 male, 8 female; mean age, 23.5 years). All of them had normal or corrected-to-normal vision.
The stimuli were identical to those of the first experiment. However, in contrast to Experiment 1, a selective-attention task was used. The trials started with 300-msec presentation of a cue in the center of the screen. The cue letters L and G indicated whether attention had to be directed at the local or the global level, respectively. After a blank screen of 300 msec, the stimuli were presented to the LVF or the RVF. The subjects were told to indicate as quickly and accurately as possible whether the letter H or S was present at the cued level. Half of the subjects responded with a left buttonpress for the letter H and a right buttonpress for the letter S; with the other half, this mapping of letters to keys was reversed. As in Experiment 1, the response hand was balanced across subjects and wrong responses were indicated by a warning tone. After a response was made, an interval of 1,000 msec followed before the next trial started.
Three factors were varied: target level (global or local), VF (LVF or RVF), and congruency (congruent, incongruent, or neutral). All of these factors were randomized. After two training blocks, the subjects were given 16 blocks of 72 trials each, so that each of the 12 conditions was covered by 96 observations per subject.
Results
The response times of correct trials were entered into a three-factorial ANOVA with repeated measures on all factors. All significant results are reported. Moreover, as in Experiment 1, the data were further analyzed by planned specific tests.
Response times. The ANOVA revealed a significant main effect of target level [F(1,15) 5 18.83, p , .001], indicating that responses to the global level (450 msec) were faster than those to the local level (470 msec). The factor congruency was also reliable [F(2,30) 5 14.74, p , .001], with responses to incongruent stimuli (473 msec) slower than those to congruent (455 msec) and neutral (453 msec) ones. The interaction between these factors was marginally significant [F(2,30) 5 2.90, p , .07], indicating that the interference from the global to the local level was stronger than vice versa (26 msec vs. 11 msec). The three-way interaction between target level, VF, and congruency failed to reach significance, but it did show a trend in the expected direction [F(2,30) 5 2.14, p 5 .14]. However, as argued in the introduction, an ANOVA is not a very efficient test of our hypotheses. Therefore, we analyzed the data further in a hypothesis-driven way.
The combined and individual VFEs were analyzed in more detail by computing planned tests for each of the three congruency conditions. These analyses revealed a significant combined VFE for the incongruent condition [t(15) 5 2.14, p , .05]. Of the individual VFEs in this condition, the one for the local level (10 msec) just failed to reach significance [t(15) 5 1.71, p 5 .054], whereas that for the global level (3 msec) was not reliable. The combined VFEs for the other two congruency conditions were not analyzed, because in each condition the effect for one level was not in the expected direction (with neutral distractors, 6 msec local, 2 msec global; with congruent distractors, 3 msec local, 5 msec global). These results are depicted in Figure 4 .
Error rates. The analysis of the arcsine-transformed error rates revealed a significant effect of congruency [F(2,30) 5 7.40, p , .001], indicating that more errors occurred in the incongruent (4.96%) than in the congruent (2.91%) or neutral (3.57%) condition. There was also a significant three-way interaction between target level, VF, and congruency [F(2,30) 5 4.54, p , .05; see Figure 4 ]. The specific tests revealed that a reliable combined VFE occurred only for the incongruent condition [t(15) 5 3.66, p , .001]. Of the level-specific VFEs in this condition, that for the global level (1.92%) was significant [t(15) 5 4.20, p , .001], whereas that for the local level (0.987%) was not reliable. Thus, there was a weak combined VFE for the incongruent condition.
Discussion
In this experiment, we tested whether the similarity relations between letters, as defined in Experiment 1, were strong enough to also produce congruency effects under focused attention, and if so, whether this effect would have the predicted consequences for the occurrence of VFEs. As our results show, congruency defined by letter similarity produced reliable effects even with a focused-attention task. On average, responses were about 20 msec faster for congruent and neutral distractors than for the incongruent ones. However, in comparison with the divided-attention task in our first experiment, this effect was only about half the size. Furthermore, in contrast to Experiment 1, there was no difference in response times between neutral and congruent distractors.
These results demonstrate that under focused attention, subjects were generally more successful at filtering out irrelevant information. As a result, the relatively weak activations caused by the "congruent" stimuli did not produce a substantial response conflict. Furthermore, in accord with the predictions of our integration theory, there was only a weak combined VFE, and only for incongruent distractors.
GEnERAl DiScuSSion
Our aim in this study was to further investigate the origins of hemispheric differences in the processing of the global and local levels of hierarchical stimuli. The challenge was to explain why the corresponding VFEs occur more reliably with divided-attention than with selectiveattention tasks. Accounts proposed so far for explaining this difference (Heinze et al., 1998; Yovel et al., 2001 ) are rather restricted and, therefore, cannot explain our additional results. For instance, in various studies from our group (Hübner, 1997 (Hübner, , 1998 Hübner & Volberg, 2005; Malinowski et al., 2002; Volberg & Hübner, 2004 , 2006 , we have demonstrated that VFEs also occur reliably with selective-attention tasks, but only for incongruent stimuli-that is, when global and local information activate competing responses-and mainly when the target level is randomized. This pattern cannot be explained by the current accounts.
Therefore, in this study we investigated whether the integration theory of global/local processing (Hübner & Volberg, 2005) , which was developed to account for the result that VFEs occur most reliably for incongruent stimuli under selective attention, can also explain the success of divided-attention tasks in this respect. The basic assumption of this theory is that at an early stage of processing, letter identity is available separately from information about the level at which the letter occurs. Consequently, under optimal conditions, a target letter can quickly be categorized without reference to level information. However, under less optimal conditions (e.g., when the letters at the two levels activate conflicting responses), letter and level information has to be integrated in order to select the correct response. A crucial assumption of the integration theory with respect to the present objective is that the hemispheres do not differ at the early letter identification stage, but only at the later integration stage. This explains why in selective-attention tasks VFEs occur for incongruent stimuli, but not for congruent or neutral ones.
The question was whether the integration theory can also explain the results observed with divided-attention tasks, particularly the fact that VFEs seemed to occur irrespective of congruency relations. In corresponding studies, congruency was defined by the degree of similarity between the shape of target and distractor letters (see Figure 2 ; : If the distractor was more similar in shape to the current target than to the alternative target, it was defined as congruent. In contrast, if the distractor was more similar to the alternative target than to the actual target, it was considered incongruent. The reduced performance for incongruent stimuli relative to congruent ones, as observed in other experiments (e.g., Heinze et al., 1998; as well as in the present ones, confirms that congruency defined in this way has the intended effect.
However, a closer look at the details reveals that differences exist between congruency as defined by the stimulus-response mapping in selective-attention tasks, and congruency as defined by similarity between letters. Although responses to congruent stimuli in dividedattention tasks are faster than those to incongruent stimuli, the congruent stimuli might nevertheless produce some conflict, because they still resemble the alternative target to some degree. Thus, our idea was that, under divided attention, congruent stimuli produce some degree of response conflict that, according to the integration theory, could explain the observed VFEs in this condition.
This hypothesis was tested in our first experiment. For comparison, we also used a neutral distractor, which was thought to be less similar to each target than was that target's congruent distractor. As expected, the subjects responded faster to the neutral than to the congruent stimuli. This confirmed our suspicion that, under divided attention, the "congruent" stimuli nonetheless produced some response conflict. Furthermore, it turned out that, as predicted by the integration theory, strong combined VFEs occurred only for the incongruent and congruent stimuli. Moreover, the combined VFE in the neutral condition was significantly smaller than the VFE in the congruent condition. However, a weak combined VFE occurred even in the former condition, suggesting that even neutral stimuli produced response conflict to some extent.
The results of our first experiment show that the mere fact that subjects have to divide their attention between levels is not responsible for the more reliable VFEs under divided attention, but instead the fact that response conflicts are also present for the so-called congruent stimuli. Such conflicts require subjects to base their response selection on an elaborated target representation in the majority of trials, which then brings hemispheric differences into effect. However, it seemed reasonable to assume that dividing attention between levels should nevertheless play some role for the occurrence of VFEs. We hypothesized that the similarity between letters could produce substantial response conflicts only because the division of attention prevented subjects from applying early filter mechanisms (Hübner & Volberg, 2005) . In contrast, when the target level is known in advance in a selective-attention task, subjects are able to allocate more resources to the relevant level and to filter out irrelevant information from the nontarget level. As a consequence, the weakly processed distractors interfere with performance only if they produce a strong signal. From these considerations, we derived the hypothesis that similarity relations between letters should produce less response conflict in a selectiveattention task, and consequently that VFEs would occur only for incongruent stimuli, if at all.
This hypothesis was tested in Experiment 2, in which a selective-attention task was used. However, unlike former studies of this type, we defined congruency according to the similarity between letters, as in Experiment 1. As expected, congruency effects were generally reduced and were reliable only for incongruent stimuli, with no difference between congruent and neutral stimuli. Accord-ingly, as predicted by the integration theory and observed in other studies applying a selective-attention task (e.g., Volberg & Hübner, 2004) , (weak) VFEs occurred only for incongruent stimuli.
Overall, our results show that divided-attention tasks are favorable for observing VFEs, because they prevent subjects from using early filter mechanisms to reduce interference from the nontarget level. Consequently, in such tasks even a weak disturbing signal from the irrelevant level produces response conflict, requiring the subject to construct an elaborated target representation in order to select the correct response. Presumably, this elaborated representation also led automatically to the integration of the level. Because the hemispheres systematically differ in their integration capacity for the two levels (Hübner & Volberg, 2005) , robust VFEs can be observed under these conditions. Thus, the integration theory not only explains the modulating effect of congruency on VFEs for selective-attention tasks, but also the greater success of divided-attention tasks in obtaining these effects. The alternative accounts proposed by Heinze et al. (1998) and Yovel et al. (2001) cannot explain the present pattern of results, mainly because neither account predicts any differences between congruent, incongruent, and neutral conditions with respect to VFEs.
The integration theory can also explain another phenomenon that has been observed with divided-attention tasks. VFEs in global/local processing have occurred regularly only when two or more forms served as targets, not when only one form needed to be detected (detection task). It is reasonable to assume that in the detection task subjects are also able to use an early filter. However, unlike in a selective-attention task, in which a level filter is applied for suppressing information from the irrelevant level, a form filter (Paquet, 1992; Paquet & Merikle, 1988) is presumably used in the detection task. If only one form has to be detected, a filter can be constructed that is narrowly tuned to that form. Consequently, distractors can activate the alternative response only weakly, allowing the response to be selected at an early stage of stimulus representation. Accordingly, no VFEs should occur under these conditions. This is exactly what has been reported in the literature (Blanca Mena, 1992; Han, Liu, Yund, & Woods, 2000) .
An ongoing controversy related to our research is whether hemispheric differences for global and local processing occur during "early" perceptual processing or arise only at "later" attentional stages. For example, in an imaging study, Heinze et al. (1998; see also Sasaki et al., 2001) found no hemispheric differences between global and local processing in the primary visual cortex, and concluded that hemispheric differences occur only at later stages of processing. In contrast, other authors have found differential activity in the visual cortex if the task was more demanding-for instance, if subjects frequently had to switch attention between levels (Fink et al., 1996) or if the information at a given level was degraded (Lux et al., 2004) . Likewise, the results of ERP experiments are also inconclusive. In the majority of such studies, hemispheric asymmetries have not occurred before 250 msec after stimulus onset-that is, at a relatively late stage of processing (Heinze et al., 1998; Malinowski et al., 2002; Volberg & Hübner, 2004) . However, differences in the early ERP components have also been reported (Evans et al., 2000) . Thus, the question of whether hemispheric differences occur at earlier perceptual or later attentional stages of processing remains unresolved.
Obviously, the present results are more compatible with an attentional explanation. It is important to note that the stimuli used in the congruent conditions of Experiments 1 and 2 were identical. Thus, if VFEs were caused by hemispheric differences in perceptual processing, the same VFEs should have occurred under selective and divided attention. However, this was not the case, which suggests that hemispheric differences in global and local processing are not perceptual. Rather, it seems that hemispheric differences occur only if an elaborated stimulus representation is required for performing a task-in other words, at a later stage.
If one considers only the present results, one might question whether the integration theory is necessary for explaining the relation between response conflict and VFEs. At first glance, it seems sufficient to assume that congruency is favorable for VFEs and that the larger the congruency effect, the larger the VFEs. However, the relation is not that simple. First of all, even if there were such a simple quantitative relationship, it alone would tell us nothing about the specific underlying mechanisms. Moreover, as has already been shown by Hübner and Malinowski (2002) , there is no simple quantitative relationship between the amount of response conflict and the size of VFEs. This was also confirmed by the results of our Experiment 1. Even though incongruent stimuli produced stronger response conflict than did congruent stimuli, the corresponding VFEs did not differ. If they did differ at all, the trend was for them to differ in the direction opposite to expectations.
In a related objection, one might suspect that congruency modulates the general speed of processing, which in turn affects VFEs in the observed way. For the present study, this argument can even be extended to the comparison between the two experiments. In Experiment 2, not only were the VFEs smaller than in Experiment 1, the overall latencies were as well. Thus, we face the dilemma that response conflict usually covaries with response (i.e., processing) time. Consequently, the question of which variable is ultimately responsible for the variation of VFEs remains open. To attack this problem, our group performed a global/local study in which a variable mapping between the involved letters and responses was used (Volberg & Hübner, 2007) . As we had hoped, this had the effect of balancing latencies for the congruent and incongruent stimuli. Nevertheless, as predicted by our integration theory, VFEs occurred only for incongruent stimuli. This shows that processing time alone is not the crucial variable.
Furthermore, to show that response conflicts or corresponding latency variations are generally not necessary for inducing the integration between levels and their content, or for inducing the corresponding VFEs, Hübner and Volberg (2005) used an entirely different procedure, in which unspeeded responses to masked hierarchical letters were required. Congruency relations were not even defined in these experiments. It turned out that the subjects often confused the letters at the two levels when the stimuli were only present for a short time, showing that letters and levels are unbound at an early stage of processing. Only when the stimuli could be processed for a sufficient amount of time were confusions rare, indicating that subjects had constructed elaborated stimulus representations.
Overall, our results strongly support the integration theory of global and local processing. Thus, this theory turns out to currently be the most parsimonious account for explaining a variety of results and phenomena in the area of hemispheric asymmetries for global versus local processing.
